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APPENDIX A 
R-output of linear mixed-effects ANOVA models of the effects of soil chemical and biotic legacies and E. calycina on P. repens germination 
percentage, root and shoot dry mass and root-to-shoot ratio. Significant differences were separated using Tukey’ HSD test. 
1. Germination percentage 
 
Linear mixed model fit by REML  
t-tests use  Satterthwaite approximations to degrees of freedom ['lmerMod'] 
Formula: germination ~ microbiota * competition + (1 | site) 
   Data: mydata1 
 
REML criterion at convergence: 531.3 
 
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-2.1120 -0.7024 -0.1363  0.7268  2.1477  
 
Random effects: 
 Groups   Name        Variance Std.Dev. 
 site     (Intercept)  2.918   1.708    
 Residual             12.408   3.523    
Number of obs: 100, groups:  site, 3 
 
Fixed effects: 
                                     Estimate Std. Error      df t value Pr(>|t|)     
(Intercept)                            4.0038     1.2924  4.6600   3.098 0.029540 *   
microbiotapresent                      3.5964     1.0464 94.1600   3.437 0.000878 *** 
competitionpresent                    -0.8048     1.1589 94.0500  -0.694 0.489133     
microbiotapresent:competitionpresent   0.3524     1.4600 94.0500   0.241 0.809772     
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Correlation of Fixed Effects: 
            (Intr) mcrbtp cmpttn 
micrbtprsnt -0.514               
cmpttnprsnt -0.460  0.568        
mcrbtprsnt:  0.365 -0.712 -0.794 
> ## type III anova table, denominator degrees of freedom and p-values calculated based on Satterthwaite's approxim
ations 
> anova(model1) 
Analysis of Variance Table of type III  with  Satterthwaite  
approximation for degrees of freedom 
                       Sum Sq Mean Sq NumDF  DenDF F.value   Pr(>F)     
microbiota             327.01  327.01     1 94.381 26.3545 1.52e-06 *** 
competition              9.20    9.20     1 94.046  0.7415   0.3914     
microbiota:competition   0.72    0.72     1 94.053  0.0583   0.8098     
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
2. Root dry mass 
 
Linear mixed model fit by REML  
t-tests use  Satterthwaite approximations to degrees of freedom ['lmerMod'] 
Formula: root_mass ~ microbiota * competition + (1 | site) 
   Data: mydata2 
 
REML criterion at convergence: -350.4 
 
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-1.9184 -0.6033 -0.2100  0.3748  3.8670  
 
Random effects: 
 Groups   Name        Variance  Std.Dev. 
 site     (Intercept) 0.0002711 0.01647  
 Residual             0.0011770 0.03431  
Number of obs: 98, groups:  site, 3 
 
Fixed effects: 
                                     Estimate Std. Error       df t value Pr(>|t|)     
(Intercept)                           0.10155    0.01251  4.71000   8.116  0.00061 *** 
microbiotapresent                    -0.03348    0.01019 92.18000  -3.285  0.00144 **  
competitionpresent                   -0.05093    0.01144 92.05000  -4.453 2.37e-05 *** 
microbiotapresent:competitionpresent  0.03456    0.01438 92.05000   2.404  0.01822 *   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Correlation of Fixed Effects: 
            (Intr) mcrbtp cmpttn 
micrbtprsnt -0.517               
cmpttnprsnt -0.457  0.561        
mcrbtprsnt:  0.363 -0.705 -0.795 
> ## type III anova table, denominator degrees of freedom and p-values calculated based on Satterthwaite's approxim
ations 
> anova(model2) 
Analysis of Variance Table of type III  with  Satterthwaite  
approximation for degrees of freedom 
                          Sum Sq   Mean Sq NumDF  DenDF F.value    Pr(>F)     
microbiota             0.0059192 0.0059192     1 92.299   5.029   0.02732 *   
competition            0.0257833 0.0257833     1 92.046  21.906 9.821e-06 *** 
microbiota:competition 0.0068020 0.0068020     1 92.046   5.779   0.01822 *   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> ##import lsmeans to conduct post hoc tests 
> library(lsmeans) 
> ####post hoc test using tukey test for the microbiota and competition interaction 
> lsmeans(model2, pairwise~microbiota*competition, adjust="tukey") 
$lsmeans 
 microbiota competition     lsmean         SE   df   lower.CL   upper.CL 
 absent     absent      0.10154648 0.01251212 4.71 0.06877346 0.13431949 
 present    absent      0.06806225 0.01133538 3.19 0.03837146 0.09775305 
 absent     present     0.05061870 0.01251212 4.71 0.01784568 0.08339171 
 present    present     0.05169774 0.01133538 3.19 0.02200694 0.08138853 
 
Degrees-of-freedom method: satterthwaite  
Confidence level used: 0.95  
 
$contrasts 
 contrast                             estimate          SE    df t.ratio p.value 
 absent,absent - present,absent    0.033484223 0.010192231 92.18   3.285  0.0077 
 absent,absent - absent,present    0.050927778 0.011435913 92.05   4.453  0.0001 
 absent,absent - present,present   0.049848739 0.010192231 92.18   4.891  <.0001 
 present,absent - absent,present   0.017443555 0.010192231 92.18   1.711  0.3237 
 present,absent - present,present  0.016364516 0.008714175 92.05   1.878  0.2447 
 absent,present - present,present -0.001079039 0.010192231 92.18  -0.106  0.9996 
 
P value adjustment: tukey method for comparing a family of 4 estimates  
 
3. Shoot dry mass 
 
Linear mixed model fit by REML  
t-tests use  Satterthwaite approximations to degrees of freedom ['lmerMod'] 
Formula: shoot_mass ~ microbiota * competition + (1 | site) 
   Data: mydata3 
 
REML criterion at convergence: -15.5 
 
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-2.4933 -0.4685 -0.0712  0.3213  4.2339  
 
Random effects: 
 Groups   Name        Variance Std.Dev. 
 site     (Intercept) 0.002015 0.04489  
 Residual             0.042559 0.20630  
Number of obs: 98, groups:  site, 3 
 
Fixed effects: 
                                     Estimate Std. Error       df t value Pr(>|t|)     
(Intercept)                           0.66549    0.05528 14.70000  12.039 5.18e-09 *** 
microbiotapresent                    -0.26282    0.06124 92.53000  -4.292 4.36e-05 *** 
competitionpresent                   -0.43250    0.06877 92.15000  -6.289 1.05e-08 *** 
microbiotapresent:competitionpresent  0.29541    0.08646 92.15000   3.417 0.000944 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 Correlation of Fixed Effects: 
            (Intr) mcrbtp cmpttn 
micrbtprsnt -0.703               
cmpttnprsnt -0.622  0.561        
mcrbtprsnt:  0.495 -0.706 -0.795 
> ## type III anova table, denominator degrees of freedom and p-values calculated based on Satterthwaite's approxim
ations 
> anova(model3) 
Analysis of Variance Table of type III  with  Satterthwaite  
approximation for degrees of freedom 
                        Sum Sq Mean Sq NumDF  DenDF F.value    Pr(>F)     
microbiota             0.29979 0.29979     1 92.860   7.044 0.0093571 **  
competition            1.84725 1.84725     1 92.148  43.404 2.714e-09 *** 
microbiota:competition 0.49690 0.49690     1 92.148  11.676 0.0009441 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> ##import lsmeans to conduct post hoc tests 
> library(lsmeans) 
> ####post hoc test using tukey test for the microbiota and competition interaction 
> lsmeans(model3, pairwise~microbiota*competition, adjust="tukey") 
$lsmeans 
 microbiota competition    lsmean         SE    df  lower.CL  upper.CL 
 absent     absent      0.6654943 0.05527656 14.70 0.5474684 0.7835201 
 present    absent      0.4026699 0.04525645  7.09 0.3060389 0.4993009 
 absent     present     0.2329943 0.05527656 14.70 0.1149684 0.3510201 
 present    present     0.2655844 0.04525645  7.09 0.1689534 0.3622155 
 
Degrees-of-freedom method: satterthwaite  
Confidence level used: 0.95  
 $contrasts 
 contrast                            estimate         SE    df t.ratio p.value 
 absent,absent - present,absent    0.26282437 0.06123691 92.53   4.292  0.0003 
 absent,absent - absent,present    0.43250000 0.06876633 92.15   6.289  <.0001 
 absent,absent - present,present   0.39990986 0.06123691 92.53   6.531  <.0001 
 present,absent - absent,present   0.16967563 0.06123691 92.53   2.771  0.0336 
 present,absent - present,present  0.13708548 0.05239999 92.15   2.616  0.0501 
 absent,present - present,present -0.03259014 0.06123691 92.53  -0.532  0.9510 
 
P value adjustment: tukey method for comparing a family of 4 estimates  
 
4. Root-to-shoot ratio 
 
Linear mixed model fit by REML  
t-tests use  Satterthwaite approximations to degrees of freedom ['lmerMod'] 
Formula: root_shoot ~ microbiota * competition + (1 | site) 
   Data: mydata4 
 
REML criterion at convergence: -222.1 
 
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-1.7462 -0.4701 -0.1769  0.2317  4.9805  
 
Random effects: 
 Groups   Name        Variance  Std.Dev. 
 site     (Intercept) 0.0002918 0.01708  
 Residual             0.0047069 0.06861  
Number of obs: 98, groups:  site, 3 
 
Fixed effects: 
                                     Estimate Std. Error       df t value Pr(>|t|)     
(Intercept)                           0.15479    0.01900 11.41000   8.146 4.34e-06 *** 
microbiotapresent                     0.02068    0.02037 92.35000   1.015  0.31255     
competitionpresent                    0.06636    0.02287 92.00000   2.902  0.00465 **  
microbiotapresent:competitionpresent -0.02758    0.02875 92.00000  -0.959  0.33987     
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Correlation of Fixed Effects: 
            (Intr) mcrbtp cmpttn 
micrbtprsnt -0.680               
cmpttnprsnt -0.602  0.561        
mcrbtprsnt:  0.479 -0.706 -0.795 
> ## type III anova table, denominator degrees of freedom and p-values calculated based on Satterthwaite's approxim
ations 
> anova(model4) 
Analysis of Variance Table of type III  with  Satterthwaite  
approximation for degrees of freedom 
                         Sum Sq  Mean Sq NumDF  DenDF F.value    Pr(>F)     
microbiota             0.001073 0.001073     1 92.662  0.2281 0.6340854     
competition            0.062927 0.062927     1 91.997 13.3692 0.0004257 *** 
microbiota:competition 0.004332 0.004332     1 91.997  0.9205 0.3398713     
--- 




R-output of linear mixed-effects ANOVA models of the effects of soil sterilization on % carbon, ammonium, nitrate, % nitrogen and 
available phosphorus. 
1. % carbon 
 
Linear mixed model fit by REML  
t-tests use  Satterthwaite approximations to degrees of freedom ['lmerMod'] 
Formula: carbon ~ soil_status + (1 | site_name/invasion_status) 
   Data: mydata 
 
REML criterion at convergence: 12 
 
Scaled residuals:  
     Min       1Q   Median       3Q      Max  
-2.27865 -0.63725 -0.03526  0.53998  2.60359  
 
Random effects: 
 Groups                    Name        Variance Std.Dev. 
 invasion_status:site_name (Intercept) 0.00569  0.07543  
 site_name                 (Intercept) 0.01274  0.11286  
 Residual                              0.05797  0.24076  
Number of obs: 60, groups:  invasion_status:site_name, 6; site_name, 3 
 
Fixed effects: 
                    Estimate Std. Error       df t value Pr(>|t|)    
(Intercept)          0.58900    0.08442  2.67000   6.977  0.00869 ** 
soil_statusnon_auto  0.10633    0.06216 53.00000   1.711  0.09302 .  
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Correlation of Fixed Effects: 
            (Intr) 
sl_sttsnn_t -0.368 
> ## type III anova table, denominator degrees of freedom and p-values calculated based on Satterthwaite's approxim
ations 
> anova(model1) 
Analysis of Variance Table of type III  with  Satterthwaite  
approximation for degrees of freedom 
            Sum Sq Mean Sq NumDF DenDF F.value  Pr(>F)   
soil_status 0.1696  0.1696     1    53  2.9259 0.09302 . 
--- 




Linear mixed model fit by REML  
t-tests use  Satterthwaite approximations to degrees of freedom ['lmerMod'] 
Formula: ammonium ~ soil_status + (1 | site_name/invasion_status) 
   Data: mydata 
 
REML criterion at convergence: 207.5 
 
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-1.4043 -0.7872 -0.1115  0.5508  3.1310  
 
Random effects: 
 Groups                    Name        Variance Std.Dev. 
 invasion_status:site_name (Intercept) 0.24546  0.4954   
 site_name                 (Intercept) 0.07628  0.2762   
 Residual                              1.70740  1.3067   
Number of obs: 60, groups:  invasion_status:site_name, 6; site_name, 3 
 
Fixed effects: 
                    Estimate Std. Error      df t value Pr(>|t|)     
(Intercept)          10.7160     0.3511  3.3700   30.52 3.09e-05 *** 
soil_statusnon_auto  -4.8657     0.3374 53.0000  -14.42  < 2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Correlation of Fixed Effects: 
            (Intr) 
sl_sttsnn_t -0.481 
> ## type III anova table, denominator degrees of freedom and p-values calculated based on Satterthwaite's approxim
ations 
> anova(model2) 
Analysis of Variance Table of type III  with  Satterthwaite  
approximation for degrees of freedom 
            Sum Sq Mean Sq NumDF DenDF F.value    Pr(>F)     
soil_status 355.12  355.12     1    53  207.99 < 2.2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
 3. Nitrate 
 
Linear mixed model fit by REML  
t-tests use  Satterthwaite approximations to degrees of freedom ['lmerMod'] 
Formula: nitrate ~ soil_status + (1 | site_name/invasion_status) 
   Data: mydata 
 
REML criterion at convergence: 237.1 
 
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-2.9409 -0.5335  0.0602  0.4867  3.8025  
 
Random effects: 
 Groups                    Name        Variance Std.Dev. 
 invasion_status:site_name (Intercept)  4.045   2.011    
 site_name                 (Intercept) 18.163   4.262    
 Residual                               2.226   1.492    
Number of obs: 60, groups:  invasion_status:site_name, 6; site_name, 3 
 
Fixed effects: 
                    Estimate Std. Error      df t value Pr(>|t|) 
(Intercept)           4.9113     2.6082  2.0200   1.883    0.199 
soil_statusnon_auto  -0.3633     0.3852 53.0000  -0.943    0.350 
 
Correlation of Fixed Effects: 
            (Intr) 
sl_sttsnn_t -0.074 
> ## type III anova table, denominator degrees of freedom and p-values calculated based on Satterthwaite's approxim
ations 
> anova(model3) 
Analysis of Variance Table of type III  with  Satterthwaite  
approximation for degrees of freedom 
            Sum Sq Mean Sq NumDF DenDF F.value Pr(>F) 
soil_status 1.9802  1.9802     1    53 0.88973 0.3498 
 
4. % nitrogen 
 
Linear mixed model fit by REML  
t-tests use  Satterthwaite approximations to degrees of freedom ['lmerMod'] 
Formula: nitrogen ~ soil_status + (1 | site_name/invasion_status) 
   Data: mydata 
 
REML criterion at convergence: -189.3 
 
Scaled residuals:  
     Min       1Q   Median       3Q      Max  
-2.13669 -0.56650 -0.09319  0.65822  2.24300  
 
Random effects: 
 Groups                    Name        Variance  Std.Dev. 
 invasion_status:site_name (Intercept) 0.0003937 0.01984  
 site_name                 (Intercept) 0.0003761 0.01939  
 Residual                              0.0017459 0.04178  
Number of obs: 60, groups:  invasion_status:site_name, 6; site_name, 3 
 Fixed effects: 
                    Estimate Std. Error       df t value Pr(>|t|)    
(Intercept)          0.11033    0.01579  2.56000   6.990  0.00986 ** 
soil_statusnon_auto -0.02667    0.01079 53.00000  -2.472  0.01669 *  
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Correlation of Fixed Effects: 
            (Intr) 
sl_sttsnn_t -0.342 
> ## type III anova table, denominator degrees of freedom and p-values calculated based on Satterthwaite's approxim
ations 
> anova(model4) 
Analysis of Variance Table of type III  with  Satterthwaite  
approximation for degrees of freedom 
              Sum Sq  Mean Sq NumDF  DenDF F.value  Pr(>F)   
soil_status 0.010667 0.010667     1 53.001  6.1095 0.01669 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
5. Available phosphorus (P Bray II) 
 
Linear mixed model fit by REML  
t-tests use  Satterthwaite approximations to degrees of freedom ['lmerMod'] 
Formula: phosphorus ~ soil_status + (1 | site_name/invasion_status) 
   Data: mydata 
 
REML criterion at convergence: 435.1 
 
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-0.9803 -0.3617 -0.2164 -0.0114  5.9132  
 
Random effects: 
 Groups                    Name        Variance Std.Dev. 
 invasion_status:site_name (Intercept) 28.22    5.312    
 site_name                 (Intercept)  0.00    0.000    
 Residual                              82.94    9.107    
Number of obs: 60, groups:  invasion_status:site_name, 6; site_name, 3 
 
Fixed effects: 
                    Estimate Std. Error     df t value Pr(>|t|)    
(Intercept)           12.967      2.733  7.490   4.745  0.00174 ** 
soil_statusnon_auto   -4.919      2.352 53.000  -2.092  0.04126 *  
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Correlation of Fixed Effects: 
            (Intr) 
sl_sttsnn_t -0.430 
> ## type III anova table, denominator degrees of freedom and p-values calculated based on Satterthwaite's approxim
ations 
> anova(model5) 
Analysis of Variance Table of type III  with  Satterthwaite  
approximation for degrees of freedom 
            Sum Sq Mean Sq NumDF DenDF F.value  Pr(>F)   
soil_status 362.95  362.95     1    53  4.3758 0.04126 * 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
 
